these patients have been under observation for three years and the recurrence rate of the disease appears to be similar to that following snare polypectomy.
Hypertrophic Rhinitis
The cryosurgical probe can be used to reduce the bulk of the turbinates in cases of hypertrophic rhinitis. The treatment can usually be easily done under local anesthesia but occasionally a dull pain is experienced in the teeth and orbital area when the probe is in the region of the sphenopalatine ganglion. The entire medial surfaces of the inferior turbinates are frozen for a period of three minutes. In order to treat this fairly extensive area it is usually necessary to apply the probe successively to the anterior and then the posterior half of each turbinate. Contact with the septum should be avoided as Ozenberger (1970) has reported that there is a slight risk of septal perforation if this occurs bilaterally. Postoperative cedema usually increases the nasal obstruction during the first week. The airway improves later during the phases of cryonecrosis and later healing. The quality of the redegenerated mucosa is good and healing occurs with minimal fibrosis.
Epistaxis
As mentioned earlier, cryosurgery has been used since 1884 in the treatment of nasal bleeding. The common form of epistaxis from Little's area is best treated by cautery but both Bluestone & Smith (1967) and Cahan (1972, personal communication) have reported favourably on the cryosurgical treatment of epistaxis occurring in patients suffering from hereditary telangiectasia. Bluestone & Smith use a Steven's balloon which must first be inserted into the nasal cavity in a collapsed state. The balloon is filled with 95% alcohol and then is connected by tubing to a Minitherm Hypothermic machine. The temperature of the coolant is then dropped to -25°C, and the treatment is continued for an hour. The balloon is then collapsed and withdrawn from the nose 24 hours later. Cahan has treated 24 patients with this disease and he uses a Linde-Cooper cryosurgical probe. Conclusions I believe it is now possible to make a preliminary assessment of the value of cryosurgery in the treatment of benign nasal and throat lesions. In order to gain widespread acceptance, cryosurgery has to possess demonstrable advantages over the older methods.
In my hands it has facilitated the management of vascular tumours, tonsillar remnants, the destruction of non-encapsulated areas of lymphoid tissue in the pharynx, lymphangiomas, areas of leukoplakia, the operation of glossopharyngeal neurectomy and the more severe forms of multiple laryngeal papillomata. It can be used in the treatment of many other conditions. The cryosurgical probe has proved to be a useful surgical tool and I think that within the next decade it will become as commonplace in the operating theatre as a diathermy machine. This contribution considers the results of cryosurgery in the treatment of neoplasia of the head and neck, the situations where it has been of proven value, and assesses the possible reasons for its failure. It has been the experience of everyone treating neoplastic lesions with cryosurgery that the response of therapy varies widelynot only in different types of lesion, but even in similar lesions in identical situations.
There are many factors which might influence the development of a destructive cryolesion, and one can make some general observations based on the clinical results we have obtained from differing types of neoplasm. It became quite clear that benign lesions such as simple papilloma, hemangioma, neurofibroma and superficial granuloma all healed completely after effective cryosurgery. This has also been the experience of Gage and Cahan in America. There was the theoretical disadvantage that material would not be available for biopsy but, in fact, a portion of the frozen tissue can easily be removed and sent as a frozen section for histological examination or placed in a formalin preservative. More proliferative lesions, such as juvenile papilloma of the larynx and multiple squamous papilloma, give an initial good response but it does not necessarily prevent their recurrence. However, the treatment can be repeated any number of times.
It is in malignant conditions that the results of cryosurgery can be most unpredictable, and as in many instances treatment is given as palliation, the response should be assessed not only on tumour regression but also on pain relief and return of function. One must consider the following factors which may influence the results of cryosurgery:
(1) Previous treatment: the majority of malignant growths treated are persistent or recurrent tumours after surgical excision or radiotherapy. Diffuse scarring as a result may prevent a lethal freeze developing in the whole area.
(2) Type and nature of the lesion: Clearly, a small lesion easily accessible is much more likely to be frozen adequately than a bulky extensive growth. With regard to the histological type of the tumour, there is no doubt that we have obtained very much better results from well-differentiated lesions than from frankly anaplastic and invasive growths. In 32 cases of well-differentiated lesions of the head and neck, including basal cell carcinomas, recurrent mixed parotid tumours, transitional cell carcinomas of the nasal septum and hyperkeratosis, complete healing or control of the lesion by repeated treatments was achieved in 24 cases.
Similarly, a well-differentiated squamous carcinoma can be expected to respond better than anaplastic carcinoma. This is particularly true when applied to oral or floor of mouth tumours where the growths are likely to be extensive.
In 22 cases where an infiltrating tumour had involved not only the floor of mouth but the adjoining mandible, tongue or tonsil, 9 of the 22 cases showed minimal response to cryosurgery, and in some cases of extensive disease, when prolonged freezing of bone had occurred, pain became temporarily worse. It is suggested that this is due to a neuropathy of the sensory nerves.
Likewise, Gage reported excellent results in 15 cases of tumours limited either to the palate, tongue or floor of mouth alone. However, in 16 cases of extensive growth in the oral cavity life was not prolonged although there had been some pain relief and reduction in the bulk of the tumour.
Cahan, reporting in general terms, also considers cryosurgery to be curative in basal cell carcinomas and to produce effective palliation in squamous cell tumours limited to one area, but that it gives only symptomatic palliation to infiltrative or extensive growths. Sarcomas give unexpectedly good results initially, more tissue regression occurring than destruction by the original cryolesion. This may be the result of an immunological reaction. The vascularity of the lesion is important only in so much as the therma conductivity of the blood can prevent adequate freezing in the vicinity of the large vessels. This effect can be reduced in certain situations by pressure or occlusion on the artery of supply. Freezing is more effective in tumour tissues with a high water content, hence bone and other connective tissue of high density will not be so easily frozen and destroyed.
In our cases we have found that the older the patient the better the result of cryosurgery, whether it be for palliation or cure. These cases, however, often have a well-differentiated, slowgrowing tumour which in itself has a better prognosis. The cryosurgical equipment that is used must be adequate for the job. The refrigerant should be such that the working temperature is reached rapidly, and the size of the probe should ideally be sufficient to freeze the whole tumour at each application. It must be possible to use quick-freeze and slow-thaw cycles. The limitations of the technique are related to the amount of tissue that can be frozen in any single application of the probe. However, multiple applications are possible and will cover an increased area, but will only minimally increase the depth of the freeze. Inability to recognize the full extent of disease, especially in invasive carcinomas, is a drawback. Visual monitoring is not always accurate, but properly placed thermocouple needles can be of great help. Basically, the failure of cryosurgery is the failure to freeze sufficient tissue including all neoplastic cells.
There has been much speculation about the possibility of frozen tumour tissue evoking an antibody response against the malignant cells. Shulman has demonstrated experimentally the presence of antibodies after freezing trauma inflicted on animals. We have occasionally found that there is more regression of tumour than one would expect from the volume of tissue frozen.
In order to assess this we have measured both the humoral and cellular aspects of the immunological reaction in 6 cases of malignancy undergoing treatment with cryosurgery. The humoral part was measured by a modification of the immune-adherence technique developed by Pegrum & Balfour, to demonstrate the presence of antibodies which bind complement. The cellular response was measured by the uptake of isotopically labelled thymidine by lymphocytes following stimulation with phytohimagglutinin before and after surgery. This preliminary investigation gave equivocal results with regard to the humoral reaction, but lymphocyte activity was shown to have greatly increased after cryosurgery. This is not found in patients with cancer undergoing orthodox surgical procedures; in fact the response from merely freezing a comparatively small volume of tissue is often greater than that obtained from major surgical procedures.
Clearly there is some mechanism blocking the effectiveness of antibody or lymphocyte activity, so that the clinical usefulness of the immune response must at present be considered to be very limited.
In conclusion, I would emphasize that cryosurgery must not exclude the necessity for careful consideration of radical surgery at any stage during treatment. Selection of cases for cryosurgery may be made on the following groups:
(1) Certain benign lesions, especially of the skin where scarring is to be avoided.
(2) Persistent or recurrent growths after surgical excision or radiotherapy, and treatment of recurrences in surgically inaccessible situations such as the postnasal space.
(3) As a primary treatment in elderly or poor risk patients with cardiopulmonary disease where extensive surgery is not feasible.
Bearing in mind the limitations, there is no doubt that pain relief, reduction in the bulk and infection from fungating tumours, or the limited restoration of function makes cryosurgery a worth-while procedure. BIBLIOGRAPHY Cahan W G (1965) Cryotherapy, in its modern form, has been available for a decade, and stems from technology's ability, newly attained, to deliver extreme cold to a circumscribed area.
Opinion has passed through phases of optimism to pessimism and thence to realism. Ophthalmology and neurosurgery, in particular, have found valuable applications of cryotherapy in retinal surgery, lens extraction, and localized destruction in the central nervous system. By the same token, gastric freezing for treatment of peptic ulceration, and cryoprostatectomy, both of which were achieved by inserting deeply refrigerated equipment into the lumen of the viscus, have become somewhat discredited.
A substantial proportion of the hundreds of publications on the subject has come from otolaryngologists, many being of a preliminary nature. The cryotherapeutic lesion is most readily produced by freeze-thaw cycles, with a cooling velocity approaching 100°C per minute of temperature change at the probe tip, and the lower tissue temperatures must be below -20°C; to achieve this, probe tip temperatures far below this level are used. The painless lesion, largely uncomplicated by cedema, and which bleeds little or not all may be produced by one or more of the following mechanisms: (1) Disruption of cell membranes by the formation of intracellular ice crystals; this explanation is hardly adequate, since cryobiologists use such profound temperatures for cell preservation. (2) The concentration of electrolytes in various cell compartments as the freezethaw cycle takes place. (3) Avascular necrosis during refrigeration to the white hard state (Fraser 1967) . Some structures may well survive the cryosurgical lesion, in particular bone and fascia (Gage 1966) . This feature is a major asset of this type of therapy, as is the sparing of large blood vessels. A second ice ball is larger than the first, reflecting the immediate physical changes which take place in rapidly and deeply refrigerated tissue.
